Introduction {#Sec1}
============

There are several studies indicating that presence of pediatric intensivist improves the quality of care in pediatric intensive care units (PICUs) \[[@CR1], [@CR2]\]. In high-income countries, PICU being attended by a pediatric intensivist is not a matter of debate. In those countries, favorable impact of 24 h in-hospital presence of a PICU attending physician had been demonstrated \[[@CR3], [@CR4]\]. In Turkey, before the graduation of pioneer PICU fellows, only 30% of the PICUs were attended by pediatric intensivists \[[@CR5]\]. In high-income countries, organization of PICUs were completed 30 y ago and many studies about the quality of care were conducted since then. In Turkey, PICU fellowship program was initiated at 2011. First fellows graduated at the end of 2014. In Turkey, doctors in every specialty are obliged to serve in state hospitals for a predefined time period. For this reason the first graduate of the PICU fellowship program was appointed to a hospital of Ministry of Health. There had been no PICU specialists in that hospital previously and this situation allowed authors to measure how the presence of an intensivist affected the quality of care in a PICU.

In this study authors evaluated the effect of pediatric intensivist on the process of care and PICU outcomes.

Material and Methods {#Sec2}
====================

This study is an observational study with a retrospective cohort conducted in the 16-bed PICU of the Dr. Sami Ulus Children's Hospital in Ankara-Turkey, which is a tertiary referral center with 400 pediatric beds. This hospital includes a pediatric residency program and pediatric subspecialty fellowship programs. Pediatrics residency program has 80 residents and lasts 4 y as in all residency programs in Turkey.

PICU admissions from January 2013 through January 2017 were included in the study. Two years (2013--2015) period of the PICU without an intensivist and the following two years (2015--2017) period when it was attended by an intensivist are compared. Before the arrival of a pediatric intensivist the PICU had been managed by a general pediatrician who was attending the PICU within the working hours. Four pediatric residents \[three of them at their second postgraduate year (PGY-2) and one of them as senior (PGY-3)\] accompanied during daytime. PGY-2 residents were on duty every three days. At nighttime, PGY-2 resident on duty was responsible for the patient care in PICU and was supervised by a PGY-3 or PGY-4 resident, who was in-charge of the other pediatric wards also. PICU admission decisions were given by the senior residents (PGY-3 or PGY-4) on duty and they were responsible for stabilizing the critically ill patients during their initial admission to PICU.

Before the arrival of pediatric intensivist post-operative cardiac patients were managed in the cardiac-PICU which was directed by the cardiac surgeons.

During the entire study period there were a total number of 32 nurses for 16 beds in the PICU and patient per nurse ratio was 2 during shifts. Although, 30% of the nurses have stopped working in the PICU during the study period, the number of nurses was kept constant at 32 with new appointments. Personnel staffing and structure of the PICU remained stable throughout the study period.

On January 1st, 2015 the first ever graduate of the PICU fellowship program started practice and was appointed as the intensivist in-charge of the PICU. Pediatric intensivist was responsible for all of the admissions and discharges. He directly participated in acute interventions. PICU team, including residents and nurses, started rounding minimum twice a day under the leadership of the pediatric intensivist. Senior residents covering all wards of the hospital participated in the evening PICU rounds in order to be kept updated for patients in the PICU. Education programs for residents and nurses were developed and meticulously implemented. Pediatric intensivist was on call for 24 h/day, and remained available for any acute changes in patients, new admissions or need for revised plans in ongoing treatments. Pediatric intensivist was consulted for all new unstable admissions and acute worsening of PICU patients. All central venous catheter implementations were carried out and all laboratory results were reviewed by the pediatric intensivist with the accompanying PGY-2 resident on duty.

Upon starting working, cardiac-PICU was also consulted by the pediatric intensivist and patients who were not extubated in the early post-operative period and patients requiring prolonged medical follow-up were transferred to the PICU.

Number of admissions, center where the patients were transferred from, mean age of the patients, gender, PRISM-III scores, length of stay, number of mechanically ventilated patients, mean mechanical ventilator duration, number of patients that underwent tracheotomy, mean mechanical ventilator duration before tracheotomy, number of implemented central venous catheters, and number of patients on dialysis, plasma exchange and ECMO applications, nosocomial infections, crude and standard mortality rate (SMR) were recorded and compared between the pre and post pediatric intensivist periods \[[@CR6]\].

Mortality rate, SMR, number of admissions, length of stay, mechanical ventilator duration and number of nosocomial infections were compared between the two periods as primary outcome measures.

Data were analyzed using the SPSS version 21.0 software program (Statistical Package for Social Sciences v.21, IBM, Chicago, IL). Pearson Chi-Square test was used to investigate the association between categorical variables. The Student t test was used to compare continuous numerical variables between groups. General linear model was performed to predict the effect of intensivist on the length of stay in PICU, mechanical ventilator duration and mechanical ventilator duration prior to tracheotomy. To predict the effect of intensivist on the mortality rate, binary logistic regression was used. Institutional Ethics Committee approved the study.

Results {#Sec3}
=======

A total of 1787 patients were admitted to the PICU during the study period. Five hundred thirteen of them (28.7%) were admitted during the pre-pediatric intensivist period and 1274 of them (71.3%) were admitted during the post-pediatric intensivist period. Characteristics of patients, treatment options, number of infections and PICU outcome of the two periods are shown in Table [1](#Tab1){ref-type="table"}.Table 1Comparison of two periods, in terms of patient characteristics, treatment options and PICU outcomePre-intensivist period\
(2013--2015)Post-intensivist period\
(2015--2017)*P* valueNumber of patients5131274Age, months, mean ± SD62.2 ± 59.366.1 ± 60.10.211\*Female gender, n (%)256 (49.9)634 (49.7)0.958\*\*Admission source, n (%) Ambulance service, n (%)227 (44.2)736 (57.7)\<0.001\*\* Inpatient service, n (%)275 (53.6)366 (28.7) Post-surgical, n (%)11 (2.1)172 (13.5)Mechanically ventilated patients, n2295300.240\*\*Mechanical ventilator usage rate, %44.641.6Mechanical ventilation duration, days, mean ± SD23.8 ± 19.87.0 ± 5.5\<0.001\*Patients underwent tracheotomy, n (%)39 (7.6)34 (2.6)\<0.001\*\*Mechanical ventilator days prior to tracheotomy day, mean ± SD29.2 ± 8.816.6 ± 6.1\<0.001\*Central venous catheter implemented patients, n (%)156 (30.4)570 (44.7)\<0.001\*\*Central venous catheter usage rate, %30.444.7\<0.001\*\*CVVHDF, n (%)17 (3.3)51 (4.4)0.491TPE, n (%)5 (0.9)36 (2.8)\<0.001\*\*ECMO, n (%)1 (0.1)13 (1)\<0.001\*\*Nosocomial infections, n (%)143 (27.8)50 (3.9)\<0.001\*\*Nosocomial infection rate, %27.83.8\<0.001\*\*Nosocomial infection incidence density (per 1000 patient days)19.76.20.006\*\*Ventilator associated pneumonia, n (%)28 (5.4)9 (0.7)\<0.001\*\*Ventilator associated pneumonia rate (per 1000 ventilator days)5.12.4\<0.001\*\*Length of stay, day, mean ± SD14.0 ± 18.76.3 ± 5.2\<0.001\*PRISM score, mean7.6 ± 9.18.2 ± 10.20.202\*SMR0.90.45\<0.001\*Mortality rate, %14.27\<0.001\**CVVHDF* Continuous venovenous hemodiafiltration; *ECMO* Extracorporeal membrane oxygenation; *PRISM* Pediatric Risk of Mortality; *SMR* Standard mortality rate; *TPE* Therapeutic plasma exchange\*Student t test; \*\*Pearson Chi-Square

Admission to PICU was directed from national emergency call service (112), inpatient units and among post-surgical patients. In the pre-pediatric intensivist period, 227 patients (44.2%) were transferred to PICU *via* emergency ambulance service; 275 (53.6%) patients were transferred from inpatient units and 11 (2.1%) post-surgical patients were admitted to the PICU. In post- pediatric intensivist period, 736 patients (57.7%) were transferred to the PICU *via* emergency ambulance service, 366 (28.7%) patients were transferred from inpatient units and 172 (13.5%) post-surgical patients were admitted to the PICU (Table [1](#Tab1){ref-type="table"}).

A logistic regression analysis was performed to ascertain the effects of presence of intensivist on the likelihood of mortality. The logistic regression model was statistically significant, (*p* \< 0.001). The model explained 26.0% (Nagelkerke R^2^) of the variance in the mortality. Presence of intensivist reduced mortality rate 2.18 times (95% CI 1.573--3.028, *p* \< 0.001).

General linear model was performed to predict the effect of intensivist on the length of stay in PICU, mechanical ventilator duration and mechanical ventilator duration prior to tracheotomy. Presence of intensivist reduced mechanical ventilator duration by 59%, mechanical ventilator duration prior to tracheotomy by 90% and length of stay in PICU by 41.2% (Table [2](#Tab2){ref-type="table"}).Table 2Effect of the presence of intensivist on PICU outcomePre-intensivist periodPost-intensivist periodEffect size\
% reduction*P* valueMechanical ventilation duration, mean (min-max)23.8 (1--126)7.0 (1--36)59.0\<0.001Mechanical ventilator days prior to tracheotomy, mean (min-max)29.2 (10--51)16.6 (9--30)90\<0.001Length of stay, mean (min-max)14.0 (1--136)6.2 (1--39)41.2\<0.001*PICU* Pediatric intensive care unit

Discussion {#Sec4}
==========

In the current study, the positive effect of the management of the PICU by a pediatric intensivist is demonstrated from many aspects. Number of patients followed in the PICU increased more than 2-fold (513 *vs*. 1274). Admission source of patients changed significantly and most of the patients in the post pediatric intensivist period were accepted from other centers *via* emergency ambulance transport system. Number of post-surgical patients increased more than 15-times (11 *vs*. 172) and more than 6-times in terms of percentage (2.1% *vs*. 13.5%) (Table [1](#Tab1){ref-type="table"}). Among post-surgical patients, most of them were postoperative congenital heart disease patients who had been managed by cardiac surgeons before the pediatric intensivist's arrival. It has already been reported that management of pediatric postoperative cardiac patients by an intensivist-directed team is associated with improved outcome \[[@CR7]\].

Gender, age and PRISM scores of patients followed in the two periods were similar. Percentage of patients mechanically ventilated were 48% and 42% in the two periods respectively. Number of mechanically ventilated patients increased more than 2-fold in the post-intensivist period in accordance with the increased number of admissions (229 *vs*. 530). Duration of mechanical ventilation shortened from 23.8 d to 7 d with the arrival of the intensivist. Presence of the intensivist reduced the mechanical ventilation duration by 59% (Table [2](#Tab2){ref-type="table"}). Reduction of the mechanical ventilation duration is important as it is associated with complications such as ventilator associated pneumonia (VAP), subglottic stenosis and tolerance to sedative agents \[[@CR4], [@CR8]--[@CR10]\]. Patients could be extubated more quickly as a result of more efficient use of mechanical ventilator by the pediatric intensivist. This situation resulted in a decrease in the number and rate of VAP in the PICU (5.1 *vs*. 2.4).

Extubation failure necessitated tracheotomy for some patients. Percentage of patients who underwent tracheotomy was 17% and 6.4% in the pre- and post-pediatric intensivist periods respectively, reflecting an increased extubation success. Mean mechanical ventilator duration prior to tracheotomy was 29.2 d in the pre-intensivist period. Presence of intensivist reduced the mechanical ventilation duration prior to tracheotomy by 90% (Table [2](#Tab2){ref-type="table"}). Timing of tracheotomy is important in prolonged mechanically ventilated patients because tracheotomy facilitates separation from the mechanical ventilation and discharge from the PICU \[[@CR11]\].

Pediatric Risk of Mortality (PRISM) scores which represent the illness severity of the patients in two groups were similar, indicating that the severity of the patients in both groups were comparable (7.6 *vs*. 8.2) (Table [1](#Tab1){ref-type="table"}). Central venous catheter implementation, Continuous venovenous hemodiafiltration (CVVHDF), therapeutic plasma exchange (TPE), extracorporeal membrane oxygenation (ECMO) were more frequently used in the treatment of patients after the pediatric intensivist's arrival. Despite of increase in the invasive procedures, the rate of nosocomial infections significantly decreased in the post-pediatric intensivist period (143 *vs*. 50). Before the arrival of the pediatric intensivist only one venovenous ECMO was performed which was managed by cardiac surgeons; the patient, unfortunately didn't survive. In the post-pediatric intensivist period, 13 (8 venoarterial, 5 venovenous) ECMO's were performed under the supervision of the intensivist and decannulation rate reached 61.5% (8/13). ECMO program, including the education of nurses and physicians was started by the pediatric intensivist. In the pre-pediatric intensivist period, CVVHDF and TPE applications could only be performed with support of the technical staff of the supplier company. With the arrival of the pediatric intensivist, the nurse team was trained for the procedures of CVVHDF and TPE. Two senior nurses were appointed to be responsible for the CVHDF and TPE program.

Number (143 *vs*. 50), rate (27.9 *vs*. 3.8) and incidence (19.7 *vs*. 6.2) of nosocomial infections significantly decreased in the post-intensivist period, despite the increasing number of critically ill patients, mechanical ventilator days, invasive procedures and extracorporeal treatment sessions (Table [1](#Tab1){ref-type="table"}). This was achieved by staff education, implementation of protocols, strict adherence to infection control methods and rational antibiotic use.

Length of PICU stay was shortened in the post-pediatric intensivist period which is similar to the previous reports \[[@CR12]\]. Presence of intensivist reduced the length of stay in the PICU by 41.2% (Table [2](#Tab2){ref-type="table"}). Before the pediatric intensivist, indication of PICU admission was not clear and patients with terminal diseases were admitted to the PICU. This was the main underlying reason for the prolonged PICU stay and higher rate of nosocomial infections and misusage of the valuable PICU beds. Prolonged mechanical ventilator duration, higher percentage of extubation failure, prolonged mechanical ventilator duration prior to tracheotomy are also consistent with all factors mentioned above.

Mortality rate decreased from 14.2% to 7% between the pre- and post-pediatric intensivist periods. Similarly, SMR decreased from 0.9 to 0.45. Presence of the intensivist reduced the mortality 2.18 times (95% CI 1.573--3.028, *p* \< 0.001) (Table [1](#Tab1){ref-type="table"}).

There are many studies showing that the presence of a pediatric intensivist reduces mortality in the PICU \[[@CR1], [@CR13], [@CR14]\]. SMR calculation is more reliable than crude mortality rate as an indicator for assessment of quality of medical care in PICUs and presence of a pediatric intensivist is definitely associated with decreased SMR \[[@CR12]\]. SMR reduction in the post-pediatric intensivist period confirms that the presence of an intensivist improves outcome (Table [1](#Tab1){ref-type="table"}). This well-known fact is confirmed by the current study conducted in a middle-income country.

It is important to emphasize that personnel staffing, structure and technological infrastructure of PICU were same over the course of the study. The only variable that changed in the intensive care unit was the management of the team by the pediatric intensivist. When the pediatric intensivist attended the PICU, the mortality rate decreased to 7%, which is an acceptable mortality rate for a middle-income country. PICU mortality rate has been reported as 2.9% and 5.6% in United States and Europe respectively \[[@CR15], [@CR16]\].

Although the hospital where the pediatric intensivist started to work is already a tertiary reference hospital, the change in the working system in the PICU caused some systematical/organizational problems. At the beginning, decision of not admitting the terminal patients from inpatient services to PICU was questioned by the heads of other departments and the hospital administration. All the patients who were not at terminal stage and have deteriorated in other departments were transferred to PICU and treated at PICU under the responsibility of the pediatric intensivist. This situation increased the motivation of other departments to work with PICU. Administrative officials were convinced by informing them regularly about the changes in the system and updating them about the prognosis of patients in the PICU.

This study investigated the effect of only one certified intensivist on the outcomes of PICU. This is not the ideal working system for the PICU and it has been suggested previously in the literature that intensivist in-house coverage 24 h each day is the best way to care for critically-ill children \[[@CR14]\]. It is not possible to provide 100% coverage of PICU beds by intensivists in our country today due to the lack of educated pediatric intensivists. It has been previously reported that the ratio of the number of pediatric intensivists to PICU beds is 1:31.7 in Turkey \[[@CR5]\] while this ratio is 1:2--1:4.5 in United States, 1:3--1:5 in Australia, and 1:1.2--1:1.6 in Europe \[[@CR17]\]. This study evidently showed that the management of PICU beds by an intensivist constitutes a remarkable positive effect on PICU outcomes in many aspects. Although it is not one of the targets of this study, it is obvious that all these mentioned aspects above also influence the high costs of the intensive care.

Conclusions {#Sec5}
===========

In summary, this study showed that management of the PICU beds by a pediatric intensivist increased the number of PICU hospitalizations, ensured care for the true critical care patients with more intensive therapies, decreased the length of stay, decreased the number and the rate of nosocomial infections and decreased the mortality rate.

As a conclusion, what transforms a unit full of critically ill patients to an intensive care unit is a dedicated intensivist. The current study demonstrates that the intensivist is the crucial component of PICUs. "All ICUs should be covered by the intensivists" phrase still stands as a primary mission for the low- and middle-income countries.
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